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MAMMALIAN EPIDERMAL PROTEIN 
SYNTHESIS: INITIATION FACTORS 
MARY E. GILMARTIN , M.A., AND IRWIN M . FREEDBERG, M.D. 
Department of Dermatology , Harvard Medical School, and the Thorndike Laboratory of Harvard Medical School at 
the Beth Israel Hospital , Boston, Massachusetts, U. S . A. 
There is a deficiency of initiation in protein-synthesizing systems prepared from 
mammalian epidermis . These systems do not respond to inhibitors of initiation although they 
remain sensitive to elongation inhibitors and exogenous ribonuclease. In spite of this 
deficiency of initiation, active protein factors which support initiation reactions are present 
in the potassium chloride extract of mammalian epidermal ribosomes. A factor correspond-
ing to the reticulocyte factor IF -MP has been isolated. An inhibitor of initiation is also 
present in the epidermal KCI wash . 
Epidermal differentiation is characterized by 
the transformation of mitotically active basal cells 
through a series of defined steps of maturation 
which result in formation of the anucleate, meta-
bolically inactive stratum corneum [1]. The signals 
which program the steps of transcription and 
translation during maturation currently remain as 
unknown in epidermis as they are in the majority 
of other mammalian tissues. Previous studies in 
our laboratory and those of several others have 
focused upon the overall pathways of protein 
synthesis in epidermis and epidermal derivatives 
and have indicated several potential points of 
control [2,3]. They have also indicated that cell-
free protein synthesizing systems derived from 
epidermal and hair root tissues [4] differ signifi-
cantly from equivalent systems derived from retic-
ulocytes [5] and a variety of transplantable tumor 
cell lines [6]. These differences are apparent in the 
sedimentation profiles of isolated ribosomes and in 
the extent of incorporation of amino acids into 
peptide linkage. 
The sedimentation profile of mammalian epider-
mal ribosomes , characterized by few polysomes 
and a prominent , peak of monomeric ribosomes , 
could be the result of ribonuclease activity. Sev-
eral reports [7,8] have indicated that a number of 
acidic and basic ribonucleases are found in mam-
malian epidermis. Another explanation for the 
epidermal ribosomal sedimentation pattern could 
be a deficiency or inhibition of the components 
involved in the initiation of protein synthesis, 
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components which are being investigated in many 
systems in an attempt to define the mechanism(s) 
through which translational control is accom-
plished . 
It is now clear that translation of messenger 
RN A begins with the formation of an active 
complex of initiator methionine tRNA, the smaller 
ribosomal subunit and the initiation codon of the 
messenger RNA [9-12]. Three protein factors 
which participate in the formation of this complex 
in bacterial systems have been characterized: IF-2 
mediates the binding of Met-tRNAr to the 40S ribo-
somal subunit; IF -3 participates in binding the 
small subunit to the initiation codon of the messen-
ger RNA; and IF-1 functions in the recycling ofIF-2 
[13]. Protein factors with corresponding activities 
have been found in many eukaryotic systems. They 
are ordinarily present on the native 40S ribosomal 
subunits or in polyribosome-associated initiation 
complexes from which they can be dissociated with 
a high-salt buffer [14] . In some tissues, they are 
present in the postribosomal high-speed superna-
tant fraction [15 ,16]. 
It has been proposed that the initiation reactions 
are a site for in vivo control of gene expression at 
the level of translation. In a reticulocyte system, 
for example, there is evidence that globin synthesis 
is regulated through inhibition of the activity of an 
IF -2-like initiation factor (IF -MP) [17]. The possi-
bility that translational control at the level of t.he 
initiation reactions may be a general phenomenon 
is suggested by the fact that alteration of initiation 
factor activity has been demonstrated in such di-
verse areas as the development of brine shrimp 
and the carcinogenic transformation which leads to 
a hepatoma [18,19]. Several excellent reviews of 
current knowledge of initiation reactions are avail-
able [20,21]. 
In this communication we are reporting that 
initiation factor activity has been isolated from 
mammalian epidermis and partially characterized. 
Although the activity is present, we also have data 
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which indicate that the initiation reactions them-
selves may be inhibited in epithelial systems. 
EXPERIMENTAL PROCEDURES 
Materials 
Male, albino, Hartley-strain guinea pigs of approxi-
mately 150 to 200 gm were obtained from Elm Hill 
Breeding Labs . The animals were shaved and epilated 
with latex paint as described previously [22 J. Epidermis 
was removed from the dermis by stretch separation. 
The following inhibitors of protein synthesis were used: 
pactamycin (gift of Dr. Lizzy Kappen), emetine and 
aurintricarboxylic acid (Sigma Chemical Co.), ribonu-
clease A (Worthington Biochemical Co.), edeine (Calbio-
chern Co.). L-amino acid mixture ( 14C, 0.1 mCi/ml) was 
supplied by New England Nuclear. ApUpG and poly 
(A,U,G) were purchased from Miles Laboratories. 
[35S ]Met-tRNAr was prepared as described by Gupta et 
a1 [23] from [35S ]methionine (300 Ci/mmo1, Amersham-
Searle), uncharged rabbit liver tRNA, and E. coli ami-
noacyl-tRNA synthetase (Grand Island Biochemicals). 
In Vitro Epidermal Protein-Synthesizing System 
Epidermis (3-4 gm) from 4 guinea pigs was homoge-
nized in a Polytron homogenizer in 3 volumes of TMKE 
buffer (10 mMTris-HC1, pH 7.5; 6.5 mMMg(C 2 H s0 2 )z; 90 
mM KCl; and 5 mM ,B-mercaptoethanol) containing 0.5% 
sodium desoxycholate and centrifuged for 10 min at 600 
x g. All procedures were performed at 4°C unless 
otherwise noted. The supernatant fraction was recen-
trifuged for 15 min at 20,000 x g and fractionated on a 
G-25 Sephadex column (30 x 1.5 em) equilibrated with 
TMKE buffer. The major peak of optical density (280 
nm) was eluted in the excluded volume and was concen-
trated against 65% glycerol in TMKE buffer to a final 
volume of approximately 2 ml. Aliquots of the concen-
trated supernatant fractions were stored in liquid nitro-
gen where they remained stable for at least several weeks. 
Material from liver was similarly prepared. This material 
is referred to as the S-20 fraction. 
Incubations were carried out for the times indicated at 
30°C in a 50-,ul mixture containing 0.5 to 2.0 mg of 
concentrated S-20 protein and TMKE buffer supple-
mented with 2 mM ATP, 0.4 mM GTP, 4 mM phospho-
enolpyruvate, 40 ,ug/ml pyruvate kinase, and 5 ,uCi 
14C-amino acid mixture. Incubations were terminated by 
dilution with 3 ml of chilled 10% trichloroacetic acid and 
the precipitates were washed three times, heated at 90°C 
for 15 min, collected on 0.45-,u nitrocellulose filters, and 
counted in Econofluor at an efficiency of 75 % in a 
Packard Tri-Carb liquid scintillation spectrometer. Pro-
tein concentration was determined by the method of 
Lowry et al [24]. 
Preparation of Ribosomal KCI Wash and Salt- Washed 
Ribosomes 
The KCl wash and salt-washed ribosomes were pre-
pared by a modification of the procedure of Crystal et al 
:251. Ribosomes from the epidermis of 15 to 20 guinea 
;)igs were prepared by differential centrifugation [2] . The 
:lOmogenizing medium, adjusted to pH 7.2, contained 1 
:nM Mg(C 2H s0 2)2, 0.1 mM EDTA, 5 mM ,B-mercaptoetha-
clol, and 0.5% sodium desoxycholate . The ribosomal 
)ellets were rinsed and resuspended in standard sucrose 
"olution (250 mM sucrose, 0.1 mM EDTA, 5 mM ,B-mercap-
oethanol) adjusted to pH 7.2. The ribosomal suspension, 
It a concentration of 200-300 A260 units/ml, was stirred 
. lowly in an ice bath and made 0.5 M with respect to KCl 
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by adding aliquots of 4 M KCI over a period of several 
minutes. Stirring was continued for 30 min, the suspen-
sion centrifuged at 105,000 x g for 2 hr and the superna-
tant fraction dialyzed overnight against two changes of 
dialysis buffer (10 mM triethanolamine (TEA), pH 7.5; 1 
mM Mg(C zH 30 2)2; 90 mM KCl; and 5 mM ,B-mercapto-
ethanol). The dialyzed fraction (KCI wash) was concen-
trated against solid sucrose and frozen in aliquots in liq-
uid nitrogen where it remained stable for at least several 
months. 
The 105,000 x g pellet was washed, resuspended in 
dialysis buffer containing 10% glycerol, dialyzed, stored 
in liquid nitrogen, and used as a source of salt-washed 
ribosomes and ribosomal subunits. 
Met-tRNA r Binding Assay 
Duplicate aliquots of the KCI wash were assayed for 
Met-tRNAr binding activity by incubation in a 100-,ul 
mixture containing: 20 mM TEA, pH 7.5; 100 mM KCl; 1 
mM dithiothreitol; 0.2 mM GTP; 3 mM phosphoenolpyru-
vate; and 10 ,ug/ml pyruvate kinase with amounts of 
salt-washed ribosomes, 40S ribosomal subunits, and 
magnesium as indicated. Reactions, started by the addi-
tion of 1-3 pmol (2-4 x 105 cpm) of [35S JMet-tRNA r , 
were incubated at 37°C for 10 min and were terminated 
by the addition of 3 ml of chilled wash buffer (20 mM TEA, 
pH 7.5; 100 mM KCI; and Mg(C zH 30 2)2 at the same 
concentration as was used in the incubation mixture). 
The fractions were immediately collected on 0.45-,u 
nitrocellulose filters, dried, and counted in 10 ml of 
Econofluor at a counting efficiency of 80%. 
CsCI Equilibrium Density Gradient Analysis 
Aliquots of the crude ribosomal wash were incubated 
in a volume of 600 ,ul with approximately 0.3 A260 units of 
40S ribosomal subunits from Ehrlich ascites tumor cells 
(gift of Dr. Edgar Henshaw) in the incubation mixture 
used for the Met-tRNA r assay described above. The 
incubation was stopped with 3 ml of chilled buffer, (10 
mM morpholinopropane-sulfonic acid; 0.10 mg/ml 
Brij 58; 4% formaldehyde, pH 7.2) , and analyzed on a 
CsCI equilibrium density gradient according to the proce-
dure of Smith and Hen~haw [26]. The optical absorbance 
at 260 nm was monitored in a Chromatronix 200 UV 
photometer and the physical density of the gradient 
fractions was determined. The fractions were diluted 
with chilled trichloroacetic acid, collected on filters , and 
counted as described above. 
Fractionation of the Ribosomal KCI Wash 
The ribosomal KCl wash was fractionated according to 
the method of Schreier and Staehelin [27]. It was 
dialyzed in an ice bath for 16 to 24 hr against two changes 
of 2 liters each of dialysis buffer (20 mM TEA, pH 7.2; 
10 mM KCI; 0.02 mM EDTA; 1mM dithiothreitol; and 
10% glycerol) and chromatographed on a diethylamino-
ethylcellulose column equilibrated with the same buffer. 
The column was eluted with a gradient of 0.01 M KCl to 
0.3 M KCI in dialysis buffer. The eluate was monitored at 
260 nm and collected fractions were assayed in the 
Met-tRNA r binding system described above . 
Analysis of Inhibitor Activity 
Fractions eluted from DEAE-ceHulose at KCI concen-
trations from 0.01 to 0.30 M were added to an Ehrlich 
ascites tumor cell lysate preparation in which initiation 
of protein synthesis actively occurs [28]. The complete 
system contained in a final volume of 100 ,ul: 50 ,ug of 
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lysate protein; 10 mM Tris-HCI, pH 7.5; 1.2 mM ATP; 0.3 
mM GTP; 3.0 mM phosphoenolpyruvate; 30 J-Lg/ml 
pyruvate kinase; 1.0 mM DTT; 10 J-LCi of 14C-amino acid 
mixture; and 15- to 30-J-LI aliquots of the DEAE-cellulose 
eluate. This system initiates actively with endogenous 
mRNA when the potassium and magnesium concentra-
tions are reduced to 90 and 2.5 mM, respectively (E.C . 
Henshaw, personal communication) 8amples were incu-
bated at 37°C for 60 min. Aliquots of the incubation 
mixture were spotted on Whatman-3MM filter paper 
discs and processed according to the method of Mans and 
Novelli [29]. 
RESULTS 
The S-20 fraction of both epidermal and liver 
homogenates actively incorporated HC-amino 
acids into acid-precipitable peptides over a period 
of 60 min. The data in Table I indicate that several 
inhibitors of protein synthesis have effects on 
amino acid incorporation in these systems. Among 
the inhibitors which we have studied, pactamycin 
[30] and edeine [31] both inhibit formation of an 
active initiation complex. These antibiotics, used 
at concentrations which specifically inhibit initia-
tion, dramatically reduced amino acid incorpora-
tion in the liver system but were without demon-
strable effect on the epidermal system. In contrast, 
emetine [32] effectively suppressed the epidermal 
protein-synthesizing system. This antibiotic blocks 
peptide chain elongation by inhibiting movement 
of ribosomes with respect to mRNA. Both the epi-
dermal and liver systems were sensitive to the 
action of exogenous ribonuclease A which degrades 
mRN A by cleaving at cytidine and uridine residues 
[33 ]. 
Aurintricarboxylic acid [34] which has been 
shown to be an effective inhibitor of initiation at 
concentrations of 10- 6 to 10- 5 M, effectively sup-
presses amino acid incorporation in the liver sys-
TABLE 1. Effects of inhibitors of protein synthesis on 
incorporation of He-amino acids into protein by the 
epidermal and liver lysate systems 
Duplicate aliquots of epidermal and liver 8-20 super-
natant fractions were incubated at 30°C for 60 min in the 
l4C-amino acid incorporating system described in Ex-
perimental Procedures. 
Incubation conditions 
8-20 control 
+ 0.002 mM pactamycin 
+ 0.005 mM edeine 
+ 0.001 mM emetine 
+ 25 J-Lg/tube ribonuclease A 
+ 0.5 J-LM aurintricarboxylic acid 
+ 0.001 mM aurin tricarboxylic 
acid 
+ 0.01 mM aurintricarboxylic 
acid 
+ 1 mM aurin tricarboxylic acid 
Incorporation of 
14C-amino acids 
(cpm/mg lysate 
protein) 
Epidermis Liver 
2146 8770 
2333 736 
2021 887 
1073 
566 420 
2007 2430 
2079 979 
1391 641 
333 330 
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tem but is much less effective in the epidermal 
system. At higher concentrations (10- 3 M) where 
the inhibitory activity of aurintricarboxylic acid is 
no longer specific for initiation, protein synthesis is 
completely blocked in both epidermal and liver 
systems. 
These results can be interpreted in several ways. 
They could indicate that the epidermal system 
lacks initiation factors or they could mean that the 
factors are present although in some way inacti-
vated. As a first step in differentiating between 
these possibilities, we prepared a KCI wash from 
epidermal ribosomes and assayed its capacity to 
promote binding of [35S ]Met-tRNAr to nitrocel-
lulose filters. As is demonstrated in Table II, 
[35S ]Met-tRNAr was bound to nitrocellulose filters 
in a complex which required both epidermal KCl 
wash and GTP. In the absence of either of these 
components only background amounts of radioac-
tivity were bound. The addition of either ApUpG 
or poly (A,U,G) did not increase the amount of 
[35S ]Met-tRNAr bound although binding was in-
creased by a nucleotide triphosphate regenerating 
system. 
Since these results made it apparent that factors 
in the epidermal KCI wash participate in ternary 
complex formation ([35S ]Met-tRNAr-initiation 
factor-GTP), we undertook further studies to stan-
dardize the binding reaction and its components. 
Binding was increased with increasing amounts of 
KCl wash and it was also stimulated by increasing 
amounts of GTP and [35S ]Met-tRNAr . The rela-
tionships between the [35S ]Met-tRNAr binding 
reaction and changes in magnesium concentration 
are shown in Figure 1. Ternary complex formation 
TABLE II. Binding of [35S]Met-tRNA to nitrocellulose 
filters 
The complete system contained: 60 J-Lg epidermal KCI 
wash protein, [358 ]Met-tRNA, GTP, and the nucleotide 
triphosphate regenerating system. Derived 408 ribo-
somal subunits were prepared from Ehrlich ascites tumor 
cells. The binding reaction was carried out in the pres-
ence of 0.5 mM added magnesium. 
Complete system 
+ 0.3 A260 408 ribosome 
+ 408 ribosome, + 0.lA26o unit 
ApUpG 
+ 408 ribosome, + 0.lA26o unit 
pofy (A,U,G) 
- GTP, PEP, pyruvate kinase 
+ 0.2 mM GTP, - PEP, pyruvate 
kinase 
+ 0.8 mM GTP, - PEP, pyruvate 
kinase 
+ 1.6 mM GTP, - PEP, pyruvate 
kinase 
- epidermal KCI wash, ± 408 
ribosome 
fmoles 
[35S lMet-tRNA 
bound 
82.1 
29.7 
15.0 
12.1 
2.1 
10.1 
13.7 
22.4 
0.8 
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FIG. 1. Effects of Mg+ 2 upon binding of [358 ]Met-
tRNA to cellulose nitrate filters. (.--.) = GTP 
omitted; (/::,.- - - - -~) = ribosomal KCI wash omitted; 
e--e) = complete system, salt-washed ribosomes 
omitted; (0--0) = complete system including salt-
washed ribosomes as a source of 408 subunits . 
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FIG. 2. Fractionation of epidermal ribosomal KCI 
wash on DEAE-cellulose. Details of the technique are 
described in the text. Absorbance at 260 nm (--); 
[
3581Met-tRNA bound to nitrocellulose filters 
(0-----0). A = complete system; B = GTP omitted; 
C = KCI wash omitted. 
was strongly inhibited by increasing the concentra-
tion of magnesium. When salt-washed ribosomes 
were added to the system, stimulation of Met-
tRNA r binding was seen only at extremely high 
magnium concentrations. This binding may repre-
3ent quaternary complex formation (Met-tRNA f -
GTP-initiation factor-408 ribosomal subunit) 
which is thought to be more stable than ternary 
::omplex formation at high Mg+ 2 concentrations. 
When either GTP or KCI wash was omitted from 
~he reaction mixture, only minimal background 
)inding was seen at all magnesium concentrations. 
8ince neither ternary nor quaternary complex 
c'ormation can be demonstrated conclusively by the 
nitrocellulose filter assay, the reaction mixture was 
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analyzed on CsCI equilibrium density gradients. 
The density gradient centrifugation patterns 
shown in Figure 2 support our proposal that the 
presumptive epidermal initiation factors, present 
in the KCI wash, mediate the binding of [358 ]Met-
tRNA r to 408 ribosomal subunits. When either 
KCI wash or GTP is omitted (Fig. 2BC), only a 
single species of 408 ribosomal subunit is apparent 
in the gradient and no [358 ]Met-tRNAr is associ-
ated with these subunits. If GTP and KCl wash are 
included, two species of 408 subunits are seen (Fig. 
2A) with bouyant densities of 1.30 and 1.44. The 
[ 358 ]Met-tRNAr co-sediments with the lighter sub-
unit indicating the formation of a quaternary 
complex of 408 ribosomal subunit, initiation fac-
tor, [358 ]Met-tRNA, and GTP. 
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FIG. 3. Cesium chloride density gradient centrifuga-
tion patterns. Details of technique are described in the 
text . . Absorbance at 260 nm (--); [358]Met-tRNA 
bound to nitrocellulose filter (0-----0) . 
TABLE III . Inhibition of protein synthesis in Ehrlich 
ascites tumor cell lysate system 
Fractions of the DEAE-cellulose eluate of epidermal 
ribosomal KCI wash were added to an Ehrlich ascites tu-
mor cell-free protein syntehsizing system. Incorporation 
of HC-amino acids into hot acid-precipitable proteins 
was determined as described in the text. 
Additions 
None 
+ 0.01 M KCI fraction 
+ 0.025 M KCI fraction 
+ 0.100 M KCI fraction 
+ 0.170 M KCI fraction 
+ 0.250 M KCI fraction 
14C-amino acids 
incorporated 
(counts per 
minute of acid-
precipitable 
protein) 
5210 
5068 
3400 
200 
6025 
6510 
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Partial purification of the epidermal initiation 
factor activity has been accomplished by using 
ion-exchange chromatography as shown in Figure 
3. The crude activity was adsorbed to the column 
and eluted with increasing concentrations of potas-
sium chloride. The peak eluting at a KCI concen-
tration of 0.17 M promoted GTP binding of [358)_ 
Met-tRN Ar when assayed in the system described 
in Experimental Procedures . The binding activity 
was stable for at least 10 days when the column 
eluates were stored at 4°C. An additional fraction 
with Met-tRNAr binding activity did not bind to 
the resin and eluted in the void volume. A fraction 
which strongly inhibited protein synthesis in an 
initiating system has been identified as eluting 
between 0.1 and 0.15 M KCI. These data are dis-
played in Table III. 
DISCUSSION 
The data reported above indicate that we have 
been able to isolate from a potassium chloride 
extract of guinea-pig epidermal ribosomes a frac-
tion which promotes the binding of [35 8 ]Met-
tRNA r to 408 ribosomal subunits. The binding 
reaction is dependent on the presence of GTP, is 
enhanced by the presence of a nucleotide triphos-
phate regenerating system , is inhibited by magne-
sium, and does not require any exogenous codon 
or template. These characteristics, in addition to 
the fact that the major activity peak elutes from 
DEAE-cellulose at 0.17 M KCI, are consistent with 
our conclusion that the epidermal activity corre-
sponds to the IF -2-like activity isolated from 
reticulocytes by other investigators [35 ,36]. 
Two other fractions which may be important in 
epidermal initiation have been identified. The 
Met-tRNA binding activity which is not retained 
on the DEAE column may correspond to the IF-Ml 
factor from reticulocytes described by Merrick et al 
[35] . A fraction which elutes before the IF -2-like 
activity causes inhibition of in vitro protein syn-
thesis in an initiating system. Although we have 
not yet characerized it , this factor could corre-
spond to one of the several inhibitory activities 
described by others [37 ,38]. 
The initiation factor(s) we have identified have 
not yet been purified to homogeneity . For that 
reason the differences between initiation in an 
epidermal system and in other tissues cannot be 
fully explained. The epidermal system is stimu-
lated by a GTP regenerating system which is 
apparently unnecessary in the purified reticulocyte 
system. This difference could be due to GTPase 
activity present in the crude epidermal KCI wash 
rather than to a basic difference between the two 
tissues. The lack of codon or template requirement 
which we observed is consistent with the current 
view that quaternary complex formation is tem-
plate independent although we cannot exclude the 
possibility that endogenous messenger RNA is 
present in the system. . 
The results in Table I indicate that little initia-
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tion is taking place in the epidermal cell-free 
protein-synthesizing system. Addition of epider-
mal or reticulocyte KCI wash to this 8-20 system 
did not stimulate protein synthesis. The insensitiv-
ity cannot be due to lack of IF -2-like activity since 
we have demonstrated the presence of such activ-
ity. Possibly , the insensitivity may be due to prior 
inactivation of other components of the initiation 
reactions such as ribosomal subunits or messen-
ger RNA by ribonuclease or other degradative en-
zymes. The data in Table I indicate that endoge-
nous ribonuclease action is not complete since exo-
genous enzyme causes further inhibition of epi-
dermal protein synthesis. 
The presence of an inhibitor of initiation in the 
epidermal cell-free system would also fit the data. 
As noted above, we have identified such inhibitory 
activity in the salt wash of epidermal ribosomes. 
Ongoing studies in our laboratory are aimed at 
further characterization of these stimulatory and 
inhibitory factors and at more complete definition 
of their function. 
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